This paper describes the dynamic financial analysis model currently being used by a property catastrophe reinsurer to manage its business, The model is an integral part of the day-to-day operations at the Company, and is used as a decision making tool in the underwriting, investment, and capital management processes. The paper begins by describing the framework that the Company uses for risk management. This includes a classification of the risks facing the Company, which is used to define and prioritize their implementation in the model. Also included is a description of the conceptual approach the Cornpany takes to evaluate the tradeoff between risk and return. The paper then goes on to describe the structure and operation of the dynamic financial analysis model and provides examples of its use at the Company, along with illustrative examples of the various types of output it produces.
I. INTRODUCTION
The Company that is the subject of this paper is a major property catastrophe reinsurer, writing excess of loss coverage on a world-wide basis. It was formed in Bermuda in 1993 to provide additional capacity to the market, capitalizing on the I An earlier version of this paper was prepared for tile Casualty Actuarial Society's 1996 Call for Papers on Dynamic Financial Models of Property/Casualty Insurers. An updated version was presented at the XXVII ASTIN Colloquium in Copenhagen.
ASTIN BULLETIN, Vol. 27. No. 2. 1997. pp. 339-371 market dislocation following Hurricane Andrew. Since that time the Company has grown to be one of the largest specialist writers in the catastrophe reinsurance market.
Since its formation in 1993, a core strategic premise of the Company has been that an increased level of precision in the measurement and management of risk can be translated into a competitive advantage.
• Improved measurement of underlying exposure and modeling of losses allows underwriters to build a superior insurance portfolio, one that is less risky and/ or more profitable than that of peers.
• Improved measurement of financial risk allows management to make more efficient use of capital, leading to superior returns on that capital. The Company has developed systems and processes to support and implement this premise. Taken as a whole, these are used to facilitate ongoing dynamic financial analysis (DFA) of the enterprise. Perhaps most importantly, dynamic financial analysis activities are not restricted to technical staff operating apart from management. DFA has been integrated directly into the ongoing underwriting and financial management processes of the Company. Every senior manager is trained on the use of the system: thus, it is a practical and immediate resource for decision making.
The development of these capabilities has been a collaborative effort between the Company and an actuarial consulting firm (hence this co-authored paper). In addition to the authors, who co-led the development effort, many other people in both organizations contributed to the conceptualization, design, programming, and testing of the system. Development of the system and its modeling capabilities is an ongoing activity; its design continues to evolve as experience with its use develops. Initially, the model was relatively simple, and focused only on measuring the principal risks facing the Company. As confidence in the model has grown, new features and additional risk components have been added. While this paper generally describes the model as it exists today, a few features are described that are tinder active development at the time of this writing, with the full expectation that they will be on linc by the time of publication. A major goal of current development activity is to integrate the various components of the system more completely, strengthening the linkages between the risk elements in the process.
Finally, while the output exhibits presented in the paper are illustrative of those actually produced by the model, they are stylized versions of that output, and use figures that have been altered. The exhibits are included only to illustrate the varied uses of the model, and represent only a small sample of what has been produced. Many of the output exhibits, as well as the details of the systern's implementation, are considered proprietary by the Company (key parts of the system are copyrighted). In preparing this paper it has been necessary to balance those interests against the goal of providing readcrs of the paper with useful insight into the structure, capabilities, and uses of the system. The paper has four major sections:
• Section I provides an introduction and overview.
• Section 2 begins by describing the risk framework that was developed to guide the development of the model. The various types of risks facing an insurer are outlined and defined. The approach taken to evaluate the tradeoff between risk and return is then described. • In Section 3, the structure of the dynamic financial analysis model is presented.
This includes a system schematic and a description of the various inputs, variables, and calculation steps.
• Finally, in Section 4 the uses of the model are described and the output is illustrated. Two appendices are included. The first provides a discussion of currency risk, which is present on both the asset and the liability side of the multinational insurer's balance sheet. The second provides a brief description of the expected policyholder deficit, a concept that is particularly relevant to the measurement of insurer risk and to the management of capital.
CONCEPTUAL FRAMEWORK
A necessary first step in the development of a dynamic financial model is establishing a conceptual fi'amework to serve as a guide. The structure of the risks to be modeled must be defined in general, and then prioritized on the basis of the business profile of the company. Appropriate measures of risk must also be defined, and threshold values for the risk measures must be chosen.
Classification of Risk
The risks faced by an insurance enterprise have been classified in a variety of ways in the published literature on the subject. For example, see HARTMAN, et. al. (1992) . There are three basic elements of risk, each of which must be considered in a dynamic financial analysis model. The three basic elements are: I. Liability Risk: the risk that the cost of settling the insurance liabilities will be greater than expected (also referred to as obligation risk).
• Claims on coverage already provided cost more to settle than anticipated.
• Cost of claims generated on future coverage is greater than anticipated. 2. Asset Risk: the risk that the realizable value of assets will be less than anticipated, • The market value of invested assets declines.
• Invested assets become non-performing.
•
Receivables from outward reinsurers become uncollectable. • Receivables fi'om customers become uncollectable. 3. Business Risk: the general business risks faced by all enterprises.
• Competitors will force market prices below costs to preserve their position/ share. • Competitors will gain a competitive advantage, taking customers away.
I
Regulators or legislators will interfere in the market in a harmful way.
• The company will be victimized by a crime.
• Operations will be adversely affected by a disaster at company premises.
The bullet points above are intended to be illustrative of the types of risks included in each element; these lists are not necessarily exhaustive.
As will be seen, the Company's dynamic financial analysis model is structured around this risk framework, explicitly incorporating each of these three major risk elements.
Liability Risk
Liability risk (or obligation risk) is viewed as the predominant risk element by most property/casualty insurers. As indicated, it includes existing claim obligations (whether known or not) on coverage provided in the past, as well as new claim obligations arising from future coverage provided on policies currently in force or written in the future. From the perspective of the actuary, liability risk includes what may loosely be referred to as reserving and pricing risk. It is the actuary's responsibility to estimate the cost of claims in each of the two contexts. Liability risk stems from the uncertainty of those estimates.
In the definition of liability risk, cost is expressed in terms of present value. Liability risk inclt, des the timing of the claim cash flows, as well as their nominal amounts. It also includes the expenses of settling the claims, as well as the claim payments themselves.
Uncertainty of liabilities includes both process risk, which arises from the random nature of claim events, and parameter risk, which arises from the inability to know the claim frequency and severity distributions from which the events are drawn. These distributions cannot be known in advance, because they are dependent on future social and economic conditions that cannot be predicted with certainty.
For most lines of insurance, a company can write sufficient volumes of business to diversify away process risk. In these cases parameter risk will be the dominant component of liability risk, with process risk considered de minimis. However, in property catastrophe reinsurance process risk is not diversifiable by volume. Even on a world-wide market basis the covered events are too few to achieve a stable annual result. (We will have to wait for the market to expand to include a few other worlds beyond earth to achieve diversification by volume.) For this line, both process and parameter risk must be accommodated in a dynamic financial analysis model.
Finally, a complicating factor for an international insurer is the issue of currency. Insurance contracts are typically issued with claims to be settled in a specific currency, typically the local currency of the contract. However, from the perspective of the owner, claim costs are ultimately measured by their impact on equity as measured in the owner's currency. Thus the cost of liabilities includes the cost of converting them from the local contract currency to the owner's currency, and liability risk includes movements in exchange rates that affect conversion costs.
Asset Risk
By definition, assets are capable of generating an expected positive cash flow. The positive cash flow may be contractual (e.g., a bond), or may stem from the potential sale value in the market (e.g., home office real estate). Asset risk deals with the uncertainty associated with the realization of the cash flow. This uncertainty stems from two fundamental sources. One is the risk of nonperformance of the obligor, such as the default of a bond or the insolvency of a reinsurer. The other is a change in conditions that affects the value or performance of the asset. Examples of the latter would include a recession causing a decline in the stock market, or a rise in mortgage interest rates that lowers the rate of refinancing on a Collateralized Mortgage Obligation.
The inclusion of reinsurance recoverables with asset risk aligns the risk classification structure with contemporary GAAP thinking, and not with traditional U.S. statutory accounting where the financial presentation suggests that obligation risk be measured on a net basis.
As is the case with liabilities, much of the risk associated with individual assets is diversifiable. Thus the movement of individual stock prices or the default of individual bonds is not usually relevant to asset risk, unless the individual holding is material. Instead the primary focus is on the non-diversifiable components of risk associated with each asset class.
Asset risk also has a currency dimension. To the extent that assets are held in currencies different from that of the owner, changes in exchange rates contribute to asset risk. The influence of currency on asset and liability risks is discussed more fully in APPENDIX A.
Business Risk
General business risk has been given relatively little attention in the actuarial literature. This is unfortunate, because it is a significant source of risk in insurance. Business risk contributes significantly to underwriting risk in ways that cannot be described by simple random processes. Severe underwriting losses at the bottom of the U.S. property/casualty underwriting cycle are neither random nor unforeseen events. They aren't caused by claim costs being higher than expected (i.e., by liability risk), but rather by market price levels being set below the level of expected costs. During a down-cycle many companies are aware that their prices are too low and that underwriting results will be poor.
A variety of forces acts on price levels in the insurance marketplace, most notably the level of overall capacity in relation to demand. Prices will fall when capacity exceeds demand, and will rebound only when capacity is withdrawn. The operation of these forces depends on the structure of the market and external conditions at the time. External economic conditions can play a reinforcing role, particularly such factors as the level of interest rates.
Competitive position is also important to the business risk of individual companies operating within the market. One example would be the cost of distribution. Companies with a high-cost distribution system should not expect to achieve adequate returns, unless that distribution system offers enough value to them or their customers to warrant its excess cost. In a competitive market, the companies with the lower distribution costs will simply set the market price at a level that produces sub-par returns for their high-cost competitors.
Competitive advantage is not only about distribution costs. It includes the effectiveness of the company's marketing, underwriting, claim, and capital management functions. While the overall industry results over the last few years have generally been lackluster, many individual companies have produced attractive returns during this period by superior execution in one or more of the above areas. Conversely, the disappearance of several national multiline companies over the same period can be attributed to their inability to perform successfully in these areas. Competitive risks are both significant and real in this industry.
Business risks arising from market competition are not at all unique to insurance. One only has to look as far as the U.S. airline industry to witness the same risks playing themselves out in a non-insurance context. There, too, an excess of capacity in relation to demand has forced a blood-letting as competitors vied to retain market share. Airline managements knew that fares were inadequate, but market forces were beyond their control.
From a dynamic financial analysis perspective, the authors believe that underwriting risk must be broken down into business risk and liability risk components, with each component modeled separately. While the two types of risk are not entirely unrelated, the drivers of each are different. Modeling them as a single risk (i.e., modeling underwriting risk via loss ratios) is therefore an inherently weak approach.
Measuring Risk and Return
Application of dynamic financial analysis requires that financial constraints be delined. For example, while the results of an analysis might indicate that there is an x% probability of impairment, defined as the loss of y% or more of capital, those results alone do not tell management what actions to take. To translate analysis results into action, management (or the board of directors) must decide whether or not the indicated level of impairment probability is too high. Also, while impairment probability might be an appropriate constraint, it is probably not the only constraint relevant to the enterprise. In fact, a variety of constraints are relevant, depending on the question the analysis is designed to answer. Dynamic financial analysis also requires the definition of financial performance objectives. Ifa reinsurance program were offered to the company that reduced its probability of impairment from xl% to x2%, management can only judge the benefit of that reduction in relation to the cost of the reinsurance. This issue becomes particularly relevant when there are several alternative reinsurance programs, each with different ruin reductions and different costs. The issue is further complicated when the cost of a particular program is variable, or when its effects are spread into several future accounting periods in a multi-year deal.
In developing its dynamic financial analysis model, the Company has adopted the Asset/Liability Efficient Frontier (ALEF TM) as a basic framework for resolving these issues in a logically consistent manner. ~ (Additional discussion of ALEF can be found in BUFF (1990) and DOLL, et. al. (1994) .) The efficient frontier concept is taken from modern portfolio theory, and is attributed to MARKOWITZ (1959) . In its most basic formulation, the investor is presented with several alternative classes of assets in which he can invest. For each class of asset, the investor knows the expected return, the risk associated with that return (as measured by its standard deviation), and the correlation of returns with all other classes of asset. His problem is to choose a portfolio by specifying the mix of assets by class. Markowitz's contribution was to recognize that not all asset mixes are optimal: alternative mixes can be found for which either a higher return can be achieved for the same level of risk, or the same return can be achieved for a lower risk. There is, however, a frontier to the set of possible asset mixes consisting of those portfolios that are efficient in the sense that one cannot improve upon them. Figure I illustrates these concepts.
The investment portfolios on the efficient frontier are all good choices; choosing among them is a matter of the investor's risk/return preferences.
ALEF is a generalization of the efficient frontier to the optimization of more general business strategies. The definition of both of the two axes in the chart above are generalized. In the ALEF approach the X-axis is labeled generically as "level of risk" and the Y-axis is labeled generically as "expected performance". W //__,... The user must define each of these terms. Similarly, the strategies to be analyzed are generalized from asset mix to any set of decision variables relevant to the enterprise. Once the problem is specified in these terms, the dynamic financial analysis rnodel call be used to find the efficient frontier from the available choices. In contrast to the classical efficient frontier objective, in which performance is measured exclusively by single-period economic returns, the ALEF performance objective can be any financial or economic measure that management believes is most important, or any combination of such measures. Generally, the measure should be consistent with the maximization of shareholder value, but it can be reflective of any specific component (such as reported profits, change in statutory surplus, or revenue growth). In the case of multiple measures, management must specify the relative weight assigned to each so that they can be combined into a single index. (The function combining the measures need not be linear.) The measures can be based on economic or accounting values, since both are relevant to the operation of the enterprise. The measures can be expressed in terms of absolute dollars, returns in relation to capital employed, or relative performance when compared to peers. Finally, the measures can reflect any chosen time horizon.
Level of Risk
The only overriding requirement of the performance measure used is that it must be consistent. Management must always want to choose the strategy that maximizes the measure's expected value, all other things being equal.
As a measure of risk, standard deviation has been the subject of ample criticism. Much of this criticism stems from the fact that standard deviation focuses only on the dispersion of the outcomes, without any special recognition of the greater disutility of the adverse outcomes. While most people equate risk with uncertainty of outcomes, they also equate risk with the likelihood and severity of adverse outcomes. In the ALEF framework, risk can be any measure of adverse outcomes that management feels is most relevant. Examples would include: • Probability of ruin over the next ten years • Probability of combined ratio above 110% next year • Expected policyholder deficit ~ on current business • Probability of suffering a net decline in surplus of 20% or more in three years • Probability of failing an RBC test at any point in the next five years • Probability of a ratings downgrade by A.M. Best • Probability of a combined ratio two points or more worse than the industry average • Probability of revenues being 25% or more below plan.
As was the case with the measure of performance, several different measures of risk can be combined to produce an overall index of risk, with weights reflective of their relative importance. Figure 2 illustrates the generalized ALEF framework.
ALEF is a powerful and flexible tool for managing an insurance company. It can be customized to mirror the business philosophy of the company, both the financial objectives to be maximized and the risks to be controlled.
The Company uses the ALEF framework in conjunction with its dynamic financial analysis model to evaluate a variety of strategic issues. The Company has developed a vector of multiple risk constraints that collectively capture its appetite for risk. This vector is used consistently in each analysis. While the types of strategic issues analyzed are discussed in subsequent sections of the paper, the Company considers its risk constraint vector to be confidential.
DESCRIPTION OF THE MODEL
A conceptual schematic of the Company's dynamic financial analysis model is presented in Figure 3 . The model consists of the following basic components:
Appendix B provides a description of the expected policyholder deficit ,and discusses its `application in this context.
• A liability scenario generator, which produces distributions of aggregate underwriting results for the insurance portfolio. • All asset scenario generator which, when combined with the liability generator, produces a distribution of operating results for the combined insurance/ investment portfolio.
• A multi-period financial model, which extends the distributions over a longer time horizon. Each of these components produces dynamic output that is used to manage different aspects of the business.
As can be seen from the schematic, the model is not a single system, but a linked set of programs and databases that can be used in a variety of combinations to facilitate the needs of any given analysis. A key attribute of this structure is flexibility. While the core calculation engines are written in highorder programming languages to achieve efficiency, many of the inputs and outputs of each component are held in spreadsheets to facilitate their manipulation "on the fly" by the user. The spreadsheets also facilitate the creation of graphical output for analysis of results.
Liability Scenario Generator
Because the Company's core business is property catastrophe reinsurance, a heavy emphasis is placed on detailed modeling of the volatile claim experience inherent to that line. The models are used extensively in the underwriting of individual contracts. In the context of this paper, however, the focus of presentation is on their use as an input to the enterprise-level DFA model. Tile advantage of this tightly integrated approach is that the effect of any one underwriting decision on the key corporate DFA objective functions can be easily determined by the underwriter, and therefore taken into account at the point of decision in the underwriting process.
For each peril in each region of the world a set of catastrophic events has been developed. The events vary according to their location, size, and intensity as well as to tile ensuing insured damage they would generate. Relative probabilities are also assigned to each event in the set, based on the likelihood of that particular combination of event parameters occurring at once. The probabilities for each set of events sum to one. in conjunction with the insured losses associated with each event, they represent a sample severity distribution for the particular peril. Similarly, for each peril in each region a frequency distribution is specified, reflecting the likelihood of a given number ofevents happening within a year. For example, a frequency distribution is specified for the number of landfall hurricanes hitting the U.S. over the course of a season.
Within the system, the frequency and severity distributions for each peril are convoluted to produce annual aggregate catastrophe losses. In the current configuration, 40,000 scenarios of annual losses are created, which are deemed sufficient for analysis purposes. (The sampling process At this juncture in the system, the losses in each scenario are those of the primary ceding company. The primary losses are then run through the applicable reinsurance contract terms to obtain the corresponding losses to the reinsurance contract. A database containing the actual terms of all catastrophe reinsurance contracts in the portfolio is maintained, so that world-wide aggregate underwriting results for the entire portfolio for each scenario can be obtained and analyzed. The system is on-line, so that portfolio results can be obtained at any time. A complete portfolio run takes about two hours to process through the system on a Silicon Graphics workstation. Analysis of the marginal impact of adding a contract to the portfolio takes less than five minutes. In addition to ongoing ad hoc portfolio analysis, portfolio results are produced and analyzed in detail in a formal underwriting meeting each quarter, after the latest cycle of contracts have been written.
The Company writes small amounts of other types of reinsurance from time to time, which are incorporated into the system using a less formal modeling approach. A spreadsheet containing the estimated underwriting distributions applicable to this business is maintained, and is incorporated into the overall results as a "'last step" in the overall process. This assures that the complete underwriting portfolio is modeled within the system.
The principal output of this component of the system is a distribution of underwriting results for the Company. The distribution reflects all elements in the underwriting result that vary directly with losses: reinstatement premiums, losses, brokerage, and federal excise taxes/premium taxes.
These elements are calculated on a contract-by-contract basis, reflecting the actual applicable terms and conditions. Other elements such as operating expenses may be added as a last step in the process.
In addition to Company underwriting experience, supplemental industry-wide information is produced showing the corresponding losses for the primary industry and the estimated portion of those losses that would be ceded to the property catastrophe reinsurance industry.
Since the Company's functional currency is the U.S. dollar, all transactions relating to contracts involving other currencies are converted to their U.S. equivalent. Within the system, exchange rates can be varied to test the impact of adverse movements on underwriting results.
Each of the underlying catastrophe events has an associated day of the year. Thus, each underwriting scenario generated by the model has a pattern of losses throughout the year. At the present time, the models do not consider the variability in the timing from event occurrence to claim payment. Such risk is considered fairly immaterial. Neither is there any consideration of "reserving risk", in the sense that actual payments might be greater than estimated in the financial statements.
Parameter risk is not explicitly included within the modeling process itself. Instead, the parameters are sensitivity-tested in a variety of ways and the results are used to introduce conservatism into the final parameter assumptions. These sensitivity tests take two forms:
• First, output can be generated using event files created by different vendors. In addition to developing its own event files for various perils and regions, the Company has developed relationships with many of the primary catastrophe modeling consultants, including Applied Insurance Research, RMS, Dames & Moore, EQECAT, and Tillinghast -Towers Perrin. Event files have been constructed and incorporated into the system using the catastrophe models developed by these firms. Comparing the results generated by these different event files, reflecting the different approaches and assumptions of each firm, provides a measure of the impact of varying the underlying event parameters, and helps to assure that the results obtained are not dependent on the specific catastrophe model used.
• Second, sensitivity testing is performed by altering the underlying frequency and severity distributions. Results are routinely tested using higher peril frequencies. This is particularly relevant in light of the research being done by global climatologists (such as that published by GRAY (1990) and popularized in the media), and the record level of ht, rricane activity experienced in 1995.
The generated peril severity distributions have also been adjusted to consider various factors such as the demand-driven inflation that occurred after hurricane Andrew. Finally, results can be produced for the entire portfolio of reinsurance contracts or any defined subset. This facilitates analysis of sources of risk, and also can be used to analyze the value of potential retrocessions. Hypothetical portfolios can be run to test alternative underwriting strategies as well.
Asset Scenario Generator
The Company uses the Global CAP: Link system to obtain scenarios for various economic and investment variables for several different currencies. On request, a CAP:Link output file containing 1,000 scenarios is provided to the Company, with each scenario reflecting a future path of interest rates, inflation rates, currency exchange rates, and rates of return by asset class for each of five major currencies. Each scenario is a plausible path of the annual movement of the variables; taken together the scenarios describe the range of variation in each of the variables.
The CAP: Link system uses a stochastic diffusion model to generate economic and capital market scenarios on a global basis. Scenarios are generated on the basis of a cascading set of stochastic differential equations, structured so that the proper relationship between the modeled variables is maintained over time. These include serial correlation effects, reinvestment risks, and path volatility characteristics. The top of the cascade is a yield curve scenario generator, based on a variant of the two-factor yield model proposed by BrENNAN and SCHWARTZ (1982) . These yield results are then passed down to generators for other variables such as inflation and stock returns, which are conditionally related in the cascade. The developers of the CAP:Link system believe that it is superior to other popular approaches such as Iognormal models, time series models based on ARIMA or Box-Jenkens, or models based on Vector AutoRegression. A more detailed description of the stochastic diffusion model, and a discussion of its perforrnance relative to other models can be found in MULVEY and THORLACIUS (Forthcoming in 1997) .
The asset scenarios from CAP:Link are convoluted with the liability scenarios. Each individual annual scenario consists of: • Economic conditions: annual inflation rates by currency and exchange rate movements for the year • Capital market conditions: interest rates and annual rates of return by asset class and currency • Catastrophic conditions: a set of catastrophic events and primary and reinsurance industry losses ensuing from those events. The Company underwriting result distribution is combined with investment results reflecting the cash flows and investment returns for each scenario, so that an annual operating result distribution for the Company can be obtained. Note that both the liabilities and the assets are dynamically adjusted for changes in exchange rates. The operating result distribution can be produced either for the current mix of investments, or for any hypothetical alternative mix (as well as for different insurance portfolios). This facilitates the testing of alternative investment portfolio strategies, including the mix of investments by currency.
At the time of writing, the catastrophe losses at the detailed scenario level are not dynamically linked directly to the economic scenarios (hence the dotted line in the schematic diagram). This is an enhancement that is currently under development. Once it is completed the losses will vary according to the inflation rates in each scenario.
Multi-Period Model
Up to this point, the description of the model has focused on the short-term, annual time horizon. The liability and asset legs of the model focus on annualized results in the context of the current business environment. The multi-period model extends the analysis to a longer-term horizon (currently five years) and introduces key elements of business risk into the analysis. Underwriting results in future periods will be influenced by loss experience (liability risk) and market price levels (business risk).
The first step in this process is to encapsulate the behavior of the market in a set of rules. The critical question is how market price levels will move over the five-year time horizon, and what factors will affect that movement. In this area the Company has an advantage over the large multiline insurers, for whom this would be a vast and daunting question. Such insurers would need to specify the market behavior and drivers for each product line they offer in each market, as well as the interrelationships across the different product lines and markets. In the Company's case only one product line and market, property catastrophe reinsurance, must be addressed.
The fundamental behavior of prices in the property catastrophe reinsurance market can be stated succinctly.
• If results are good, prices will decline from their current level.
• Prices will continue to decline until results are poor, at which point they will rise.
• The rate of decline is related to how good the results are; the rate of increase is related to how poor results are.
• Rises in prices include nominal increases in rates-on-line, and also implicit increases through higher retentions and other coverage reductions.
Since the market has exhibited this general behavior over an extended period, it is reasonable to assume the behavior will continue. The difficult part of the problem is translating the qualitative behavior rules into quantitative terms. While the historical responsiveness of prices to results can serve as a guide, changes in the market's structure that influence its behavior must also be considered. For example, one could argue that the new capital provided to the reinsurers in Bermuda may be less forgiving, and will be withdrawn more rapidly, if and when results are bad. Similarly, the growing use of catastrophe models by the reinsurers in underwriting may inject a greater degree of discipline, reducing the rate of price decline in the face of favorable results. The approach taken by the Company is to relate catastrophe reinsurance price levels in each subsequent year to the industry-wide catastrophe experience in several preceding years. A market price index has been constructed, the movement of which is dependent on emerging industry experience. The market price index is based on information from several sources: the actual price movements observed by the Company since its formation; historical price movements over a longer time period, derived from information from several sources; discussions with brokers and other experts in the market; and judgment.
The responsiveness of price levels to experience over several years involves significant parameter risk. The Company has performed in-depth sensitivity testing of this element of the model to gain insight into how alternative assumptions influence results.
The starting point in the multi-period simulation is the current distribution of annual underwriting results. Using a Monte Carlo approach, a first-year scenario with the associated underwriting result for the Company is chosen from that distribution. On the basis of the corresponding industry-wide result, the movement in the price level index for year two is determined. The annual underwriting result distribution is then modified to reflect the effect of the change in price level to obtain a distribution for the second year. A second-year result is then chosen from the modified underwriting result distribution. This stochastic process continues until five years of results have been generated.
In addition to the market behavior rules, company response rules reflecting the actions of Company management must also be defined. These actions fall in three areas.
• Market share actions must be defined, reflecting the Company's willingness to write business at the prevailing price level. Depending on the perceived adequacy of prices, the Company will either seek to grow, hold steady, decrease, or severely reduce its market share. This decision feeds back into Company results as follows: the price level on the Company's portfolio relative to the market price level improves/degrades as the Company's market share declines/grows, due to more/less selective underwriting.
• Capitalization actions must be specified, reflecting the changing needs of the Company over time. For example, at some threshold level a portion of excess capital is returned to shareholders. Similarly, if actual capital falls below specified requirements, market share is forced down to the level allowed by the requirements. Both normal and extraordinary dividend policies must be defined.
• Debt/capital levels over the five-year period must be specified, and debt actions in relation to operating losses must be defined.
The multi-period model starts with an opening balance sheet, simulates the underwriting result for the first-year, translates that result into a first-year operating result, determines the market behavior for the next year, and implements the company responses. This process continues iteratively until the full five years have been generated. Typically, 20,000 trials are run to produce a distribution of five-year returns to shareholders, which is based on the stream of dividends and the final equity at the end of the fifth year. In addition to return measures, appropriate risk measures are also generated. The model can be run using different company response strategies; the risk and return associated with each strategy can be compared by placing it in an ALEF context. The multi-period model successfully captures the liability and business risk elements which, taken together, comprise underwriting risk for a property catastrophe reinsurer. Other types of business risk, such as regulatory interference or fraud, are not directly incorporated into the model.
MODEL USES AND SAMPLE OUTPUT
One of the key advantages of a highly integrated system such as the one described is that many different types of decisions can be tested against a consistent risk/ return "yardstick", which is based on a common set of underlying probability distribution assumptions. These include:
• Ongoing evaluation of the adequacy of capital to support the current risks undertaken • Evaluation of the value of retrocessional coverage offerings • Analysis of alternative capital structures • Development of asset mix investment policy • Analysis of currency risk • Studies of alternative market and underwriting strategies • Individual underwriting decisions reflecting the marginal effect of a given contract on risk and return constraints. Exhibit I is an example of output from the liability scenario generator. It shows graphically the right-hand tail of an underwriting result distribution for a portfolio. As indicated previously, this information (along with accompanying risk and return statistics) can be generated for any vendor/peril scenario, and any segment of the portfolio of reinsurance contracts. Exhibit 1 is a relatively simple graphic, but when it is coupled with the risk/ return measures it is a powerful management tool. For example, distributions can be generated with and without a retrocessional cover that is being considered. Comparison of the two allows management to evaluate the marginal impact of the cover on underwriting risk and return, and ultimately to assess the value of the cover. Alternatively, reinsurance accounts that have a particularly detrimental impact on the distribution can be isolated for potential re-underwriting at renewal.
Management can also track changes ill thc distribution over time, as a measure of underwriting performance. 
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A variety of routinely produced diagnostic exhibits allows management to gain insight into the sources of adverse underwriting scenarios: perils, regions, reinsurance layers, etc. Comparative information on primary and reinsurance industry losses is also included. Exhibits 2 and 3 are illustrative of these types of exhibits.
Exhibit 2 displays industry and portfolio experience on a standard definedevent set. The defined events reflect a range of different likelihoods for various perils and regions. (The "break" in the exhibit indicates that it is longer than actually shown; only the beginning and end of the exhibit is shown in the illustration.) Exhibit 3 displays percentiles of severity distributions for the portfolio by (illustrative) geographic zone, and the Company' s share of the industry loss at that percentile.
In addition to underwriting profit distributions, operating profit distributions reflecting investment as well as underwriting risk are produced by the model, such as those shown on Exhibit 4. These can be used to translate underwriting risk into operating profit terms, or to test the effect of introducing various levels of asset risk via changes to the mix of investments. 
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Many of the risk measures suggested in Section 2 can be translated into boundary constraints, reflecting their maximum level of acceptability. For example, one possible risk measure is the probability of suffering a surplus decline of 20% or more. If that were a chosen risk measure, management would presumably seek to minimize that probability for a given level of return, and would only be willing to accept an increase in that probability in exchange for a higher return. Management might also impose a boundary constraint that in no event will management allow that probability to exceed 3%. One can invert the boundary constraint relationship to obtain an implied surplus requirement. For example, if the current annual operating profit distribution for a hypothetical company indicates that there is a 3% chance of
Multiperiod Financial Planning Model
Ge ~epe e E suffering an operating loss of $70 million or greater, then the minimum required surplus for the company is $350 million. At that level of surplus, it will be just inside the boundary constraint.
Contour Map Showing Impact of Varying
Capital Structure on Risk and Return ,: 
EXHIBIT
The Company has established several such boundary constraints, and uses them to measure surplus employed on an ongoing basis, on the basis of the operating profit distributions generated by the model each quarter. This approach is not only directly useful in the capital management of the company, but also facilitates the measurement of expected returns on surplus employed. Exhibit 5 illustrates this type of information. In addition to Company results, the model generates the results for an "index fund" of a cross-section of the entire excess property catastrophe market (for certain regions) labeled as 'XYZ', so that comparative performance can also be measured.
A variety of exhibits can be generated from the multi-period model, since it can be used to test so many different strategy variables: operating leverage, debt/ capital ratios, dividend strategies, and responses to changing market conditions. Exhibits 6, 7 and 8 are illustrative of the types of output generated by this analytic tool. Exhibit 6 shows the Company's expected results as generated by the model for four sample strategies. In actual practice, basic exhibits like these have been generated for hundreds of alternative strategies and assumptions sets.
Exhibit 7 is an illustration of an asset/liability efficient frontier for 18 different strategies, which are listed on the lower half of the exhibit. In this example, the Company is considering raising or lowering its operating leverage by 15% from current levels, varying its debt/capital ratio from 20% to 40%, and altering its response to changes in market price levels from '~modest" to either '~flat'" or "aggressive". While the exhibit is a highly stylized version of such an analysis, it is indicative of the approach actually taken.
Finally, Exhibit 8 is a supporting exhibit to Exhibit 7, showing the trade-off between risk and return associated with the operating leverage and debt/capital variables. Risk and return measures from the multi-period planning model have been used to construct a contour map for a range of values of each variable. The contour map shows how risk and return rise and fall in each region of variable values. (The actual contour lines are more involved than shown, with multiple inflection points.) To find an efficient frontier point, one follows a particular return line, looking for the region where the line also achieves minimum risk. Exhibits such as these are used as diagnostics in the efficient frontier analysis.
In addition to using different decision variables, the model is run with varying assumptions to test how the resulting frontiers and contour rnaps are affected.
CONCLUSION
To make the dynamic financial analysis system described in this paper useful in the decision making process, a significant continuing investment is required in:
• Maintaining the underlying databases current and error-free • Including all types of business and perils to which the company is exposed • Training all professional staff in the details of the model • Designing the system so that the DFA results are produced quickly, with easily understandable output reports • Selecting employees and establishing a culture where decision making in this framework is considered natural and practical.
The substantial investment in building and maintaining the system has clearly been justified -but only because of its usefulness in many of the practical decisions facing the company. A final challenge is for employees using this admittedly complex system to develop good judgment as to how much weight to give its results in their actual decision making. This requires a thorough understanding of the theory and the practical details of the system, and an appreciation of the limitations and assumptions underlying the results. A good sense of how to weigh system results with unmodeled factors is the essence of the amorphous term "'underwriting judgment". towards the development of the Company's DFA system. These individuals toiled many late night hours fighting the "devil in the details" of the system.
The authors also want to thank Dr. Hans Bfihlmann for pointing out the early references to expected policyholder deficit in the German actuarial literature, and to Mark Scully for assistance in translation.
APPENDIX A -CURRENCY RISK
The Company is an international reinsurer writing contracts covering exposures in many different countries. Since it operates in multiple currencies, the resulting revenues, assets, and liabilities are affected by currency movements. It is instructive to observe the interplay of currency movements on asset and liability risks.
The measurement of performance and risk in the ALEF framework must take the perspective of the owner. While assets and liabilities may be held in a variety of currencies, ultimate returns and settlement costs must be measured in terms of their impact on equity, as measured in the owner's currency. For this reason, the Company's DFA model expresses all results in terms of U.S. dollars, reflecting gains and losses at the time of conversion as part of the cost or benefit. Specifically:
• The cost of future claim liabilities includes the cost/benefit of converting them to U.S. dollars at future exchange rates.
• The benefit of future reinstatement premiums includes the cost/benefit of converting them to U.S. dollars at future exchange rates.
• The total return on non-U.S, investments includes the gains/losses due to currency movements during the period. Thus, currency risk is treated as an embedded element of asset and liability risks, and not as a separate risk element.
If potential investors have a principal currency other than U.S. dollars, they may be interested in measuring risks and relurns from the vantage point of another currency. Since the Company's stock is traded only on a U.S. exchange, the U.S. dollar perspective to risk and return in the model appears reasonable. Investors from outside the U.S. must overlay the risk/return associated with holding a U.S.-denominated asset to the risk/return as measured by the model.
International reinsurance contracts can pose particularly complex currency risk issues, for the following reasons.
• The underlying exposures may be in one or several currencies. The primary insurer will be paying claims in the local currency. It is even possible that the primary insurer could be paying claims from a single event in more than one currency (for example, French francs and Danish kroner).
• The reinsurance contract terms (i.e., retentions, Ihnits, etc.) In such an instance the contract may specify that underlying claims be converted, using a specified currency exchange rate or the rate prevailing at the time of the event.
• The reinsurance contract may also specify settlement by the reinsurer in a part# cular currency.
The ultimate cost (in U.S. dollars) of claims on such reinsurance contracts is dependent on the interaction of the underlying claims with the prevailing exchange rates and the contract terms. To illustrate, consider the simple (and admittedly unrealistic) example illustrated in Figure 4 below. The contract involves underlying exposures in Danish kroner, with contract losses settled in U.K. sterling, the cost of which must ultimately be expressed in terms of U.S. dollars. Given the underlying losses shown in the left-hand bar, the reinsurer incurs the cost shown in the right-hand bar. To measure its loss, the underlying losses (5 units in kroner) must be converted from their original cost in kroner to sterling at the prevailing exchange rate (6/5 in the example); the retention of 3 units (expressed in sterling) must be applied; and the resulting loss to the layer must be converted from sterling to dollars at the prevailing exchange rate (4/3 in the example). Thus an underlying loss of 5 units in kroner creates a cost of 4 units in dollars to the reinsurer.
To illustrate the interplay of currency risks on the contract, consider an alternative scenario involving adverse movements in all currencies. This alternative scenario is presented in figure 5 . First, a higher-than-anticipated Danish inflation rate causes the underlying loss in kroner to be greater (the lefthand bar is now 6 units, rather than 5). Next, adverse movement in the kroner-tosterling exchange rate causes the loss to be even greater when measured in the contract currency (the exchange rate has moved from 6/5 to 8/6). The increase is leveraged by the fixed retention (3 units of sterling in either scenario). Finally, adverse movement in the sterling-to-dollar exchange rate causes the U.S. dollar loss to the layer to be greater still (the exchange rate has moved from 4/3 to 7/5).
As a result of adverse movemnents in inflation and exchange, the reinsurer's cost has grown fromn 4 units of dollars to 7 units of dollars. The example neatly divides the currency portion of liability risk into three components: inflation risk, which affects the magnitude of the underlying losses in their original currency; contract exchange rate risk, which affects the conversion of losses from original to contract currency; and settlement exchange rate risk, which affects the conversion of losses from contract currency to dollar terms. All three components need to be incorporated in the pricing and underwriting of reinsurance contracts.
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The example is contrived and also unrealistic in its assumed exchange rates. In addition, the adverse scenario is particularly unrealistic in that purchase power parity would imply that an increase in kroner inflation would generally be expected to be associated with a favorable movement in the kroner-to-sterling exchange rate (the kroners would have less purchasing power, so it would take relatively fewer pounds sterling to buy them). Of course, the direction of movements in the illustration could certainly happen in the short run.
A particularly strong feature of Global CAP:Link is its ability to model inflation and exchange rates between multiple currencies in a logical and consistent manner, so that unreasonable purchase power parity relationships are not created. Each scenario generated by the system is plausible, with variability in parity occurring over short intervals and a greater tendency towards parity over longer intervals. By integrating the CAP:Link scenarios into the generation of both the liability scenarios and the asset return scenarios, the overall risks posed by operations in multiple currencies can be managed.
While the illustration above describes the risks as working from left to right on the chart, in reality they work in the opposite direction. The Company must exchange U.S. assets for sterling to settle the claim. Some readers may question whether settlement exchange risk is real, and not created by currency mismatch. In other words, if the Company is holding some of its assets in sterling, it can settle the claims on sterling-based contracts without suffering any gains or losses due to exchange rate fluctuations by simply paying the claims out of its sterling funds. Thus, it might be argued that settlement exchange risk only exists to the extent that insufficient sterling assets to pay the claims are available.
However, the above line of reasoning confuses the existence of risk with its immunization. For liabilities that are fixed and certain, the Company can immunize itself against overall currency risk by holding a matched set of assets equal to the liabilities in the same currency. In such a case, any change in the exchange rate will cause the decline in asset value to be offset by an equal decline in liability value (both measured relative to U.S. dollars); conversely, an increase in asset value will be offset by an equal increase in liability value. Thus, although settlement exchange risk and asset currency risk are both present, they are negatively correlated, facilitating the immunization.
If liabilities in each currency were fixed, known anaounts, the minimum risk position would appear to be to hold funds in each currency sufficient to settle the liabilities. (This pre-supposes that no arbitrage opportunities exist and that the investment risks and expected returns are the same in each currency.) But when liabilities are uncertain as to anaount, timing, and currency, it is not quite so clear how to minimize currency risk. This is where effective modeling can be an invaluable tool.
APPENDIX B -RISK MEASURES AND THE EXPECTED POLICYHOLDER DEFICrF
In the ALEF framework risk can be any measure of adverse outcomes that management believes is most relevant to the enterprise. One such measure is the expected policyholder deficit (EPD), a term developed as part of the U.S. riskbased capital initiative and attributed to BUTSlC (1994) . Since some readers may not have been exposed to the concept, a brief description is included herein.
All insurers face the possibility that, at some point in the future, their obligations may exceed their assets. The magnitude of this risk is a function of the asset, liability, and business risks faced by the insurer, and the level of capital held to support those risks. Insolvency risk has traditionally been measured in terms of the probability of ruin. However, from the perspective of the policyholder this measure is insufficient because it fails to take into account the severity of the insolvency.
TABLE 1, taken from 8UTSJC, illustrates this point. In this simple example, two insurers have identical balance sheets. Each insurer has assets of $13,000, liabilities of $10,000, and capital of $3,000. Although the assets of each company are certain, the liabilities (unpaid claims) are uncertain, subject to the probability distributions shown. In this simplest of examples, there are no expenses or taxes, no time value to money, and no other business transactions to consider. For each company, the ultimate outcome will be one of the three scenarios shown. Due to the corporate form of the enterprise (assumed to be a non-assessable stock corporation), the payments to policyholders are limited to the available assets. Each insurer is subject to an equal probability of ruin, with a 20% chance that obligations will exceed resources, claim payments will be limited, and the insurer will be forced to go out of business. Both insurers exhibit the same bahmce sheet leverage. However, the claim payment column in the chart clearly indicates that the policyholders of Insurer B are significantly worse off than those of Insurer A. While policyholders of Insurer A receive only a minor reduction in claim payments in one of the three possible scenarios for their liabilities, policyholders of Insurer B may suffer a substantial underpayment, receiving only 13/18 of their indicated claim payment. Overall, policyholders of Insurer A expect apriori to recover all but $20 of the expected claim payments, while policyholders of Insurer B expect to recover only $9,000 of the expected $10,000 liability.
The expected policyholder deficit is defined as the expected value of the difference between the amount of the claim obligation and the actual clairn payment. For Insurer A, the EPD is $20, or 0.2% of expected obligations. For Insurer B, the EPD is $1,000, or 10.0% of expected obligations.
While the ruin probabilities and reported financial leverage ratios of Insurer A and Insurer B are the same, the value of coverage afforded by each is clearly different. Insurer A offers considerably greater real value, from the perspective of the policyholder; expected recoveries are a substantially greater proportion of expected losses than is the case with Insurer B. In comparing the security offered, Insurer A's EPDratio of 0.2% is stronger than Insurer B's 10.0%. To offer the same level of security, Insurer B would need to increase its capitalratio frorn the current 30% of expected losses to 79% of expected losses (i.e., raise its assets to 17,900, so that it could pay all but $100 of the losses in Scenario 3).
The expected policyholder deficit concept can easily be adapted to consider asset risks as well as liability risks, by expanding the scenarios to include changes in asset values as well as liability values. For each scenario, the realized value of the assets is compared to the settlement value of the liabilities to determine whether or not there is a deficit.
From a financial standpoint, the EPD is the value of the put option held by the shareholders of a corporated enterprise. In the event that aggregate obligations exceed total assets, the shareholders can put the obligations to the regulators in exchange for the assets. When customers purchase insurance from a particular company, they implicitly give this option to the company. Cumulative Probability FIGURE ~,: The distribution of annual aggregate operating losses for the enterprise, and the level of capital, determine the expected policyhokter deficit BUTSIC and others have argued that capital requirements for different lines of business should be set by equating EPD ratios (as opposed to ruin probabilities or leverage ratios). For each line of business the capital requirements should be set so that the expected deficit is the same percentage of expected losses. This approach is most relevant in a pricing context, when the cost of employed capital is being considered. Since all policyholders give up the same option, setting returns on capital that is apportioned in this manner assures equity alnong policyholders.
The expected policyholder deficit concept can be extended to consider all types of risks, to the extent that they call be incorporated into the dynamic finaucial model. The key model output is the distribution of aggregate operating losses for the enterprise. Different strategies can then be evaluated in terms of their impact on the EPD ratio. Alternatively, for a given target EPD ratio, different strategies can be evaluated in terms of their impact on the capital required to achieve that ratio.
It tutus out that the concept of expected policyholder deficit is not at all new. Ill a paper published in 1868, HATTENDOkF refers to "mittleres Risiko", the mean risk, as defined by WITTSTEIN and KANr, JER (1867) . HA'rTENDORF discusses the concept in the context of mortality risk in life insurance; excerpts of that discussion are loosely translated below.
Because it is not possible to calculate an absolutely correct mortality table for an infinite number of observations, and because ill reality the number of insureds with the same age is always finite, an insurer must accept that results will deviate from the expected level. Such a deviation can be favorable for the insurer, but it can also require greater payments than expected. And so, the company takes a risk in that it promises the payment of all insured sums under any conditions, bnt its remuneration from the insured is based on the expected case.
If one defines risk as the financial loss which one accepts, then it is clear that a narrower definition of the concept is required. One call speak of the largest and the smallest risk. The smallest is clearly equal to zero. The largest is the entire insured sum on all policies, less the available funds in reserves and premiums.
Far more inaportant is the mean risk. By this onemeans thesum ofallpossible operating losses, each multiplied by its probability. This definition is welldefined, permits no uncertainty, and with it one can cornpute the mean risk for a given insurance portfolio.
Tile HATTENDORF paper develops a methodology for estimating WITTSTEIN and KANNER'S mean risk for a portfolio of life insurance contracts. While WITTSTEIN and KANNER had proposed the concept, they had not developed a practical means of manually calculating rnean risk ttbl" large numbers of contracts.
